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http://dx.doiabstractBACKGROUND: This study aimed to assess the effects of low-level prenatal mercury exposure on neonate neuro-
behavioral development in China. METHODS: In total, 418 mother-neonate pairs were included in the study.
Maternal urine, hair, and blood samples and cord blood samples were used to document prenatal exposure to
mercury. The Neonatal Behavioral Neurological Assessment was used to estimate neurobehavioral development in
the neonates at 3 days of age. RESULTS: Total mercury level was signiﬁcantly higher in cord blood than that in
maternal blood. A strong correlation was found between total mercury levels in maternal blood and those in cord
blood (r ¼ 0.7431; P < 0.0001). Trend analysis revealed that mothers who consumed more ﬁsh had higher blood
and cord blood mercury levels (all P < 0.0001). Signiﬁcant differences were also found between male and female
cord blood mercury levels among groups with different ﬁsh consumption frequencies (all P < 0.0001). Cord blood
mercury level was signiﬁcantly associated with total Neonatal Behavioral Neurological Assessment scores
(b ¼ 0.03; standard error ¼ 0.01; P ¼ 0.0409), passive muscle tone (odds ratio ¼ 1.07; 95% conﬁdence
interval ¼ 1.12-1.13; P ¼ 0.0071), and active muscle tone (odds ratio ¼ 1.06; 95% conﬁdence interval ¼ 1.01-1.11;
P ¼ 0.0170) scores after adjustment, respectively. CONCLUSIONS: Neonatal neurodevelopment was associated with
prenatal exposure to mercury. Women with high mercury levels should avoid intake seafood excessively during
pregnancy. Long-term effects of exposure to mercury on childhood development need to be further explored.
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Mercury is a ubiquitous chemical element in the global
environment.1 The presence of mercury in ﬁsh, thermom-
eters, dental amalgams, vaccine preservatives, and the at-
mosphere has aroused health authorities’ interest in this
toxic metal. Methylmercury is a bioaccumulated and bio-
concentrated compound in the food chain in aquatic envi-
ronments. Fish is a common source of exposure to
methylmercury and other metallic contaminants. At highs an open access article under the CC BY-NC-ND license (http://
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.org/10.1016/j.pediatrneurol.2014.03.018levels, methylmercury is a neurotoxicant. It is well known
that ‘‘Minamata disease’’ was caused by the consumption of
large amounts of ﬁsh and shellﬁsh contaminated with
methylmercury discharged from chemical factories. Many
fetuses exposed to methylmercury through the placenta
revealed severe cerebral palsy-like signs, whereas their
mothers had mild or no manifestation of the poisoning.2
It is still unclear whether exposure to low doses of
mercury adversely affects neurodevelopment, although it is
of considerable concern to contemporary science and for
public health. Many industrialized countries have estab-
lished procedures and policies foster and support re-
searchers to explore the health effects of low-level prenatal
mercury exposure through maternal ﬁsh consumption. In
animal experiments, the most frequently evident effects of
prenatal methylmercury exposure are related to learning
and memory deﬁcits. Behavioral and spatial learning deﬁ-
cits have been observed in animal models of methylmer-
cury exposure in utero and through lactation.3,4 Coluccias reserved.
J. Wu et al. / Pediatric Neurology 51 (2014) 93e9994et al.5 noted that low-level exposure to methylmercury
during the postnatal brain growth spurt in mice induced
subtle and persistent motor and learning deﬁcits. A longi-
tudinal Danish study conducted in the Faroe Islands
demonstrated a correlation between prenatal exposure to
methylmercury through maternal seafood consumption
and adverse neuropsychological outcomes such as deﬁcits
in language, attention, and memory in school-aged chil-
dren.6,7 In addition, Steuerwald8 reported that increased
exposure to methylmercury through maternal seafood
intake was associated with a signiﬁcant decrease in the
neonatal Neurological Optimality Score.
However, data from Peru9 and the Seychelles Child
Development Study10 could not conﬁrm those ﬁndings.
Repeated examination of the Seychelles Child Development
Study cohort at six different ages until age 11 revealed no
pattern of adverse effects. In fact, the study found some
apparent early beneﬁcial associations between maternal
and child hair methylmercury and several child develop-
ment endpoints, which were hypothesized to be related to
micronutrients in the ﬁsh. Other large cohort studies also
found no apparent neurodevelopmental risks from prenatal
methylmercury exposure resulting solely from ocean ﬁsh
consumption.11,12 Thus, from currently available data, it is
difﬁcult to conclusively determine if there is an association
between prenatal exposure to low levels of mercury and
adverse effects on child development. There is a need to
further examine the potential association.
With the development of the economy in China, the
environmental degradation has reached a level at which the
health and well-being of the coastal populations could be
threatened. China has recently begun to identify sources of
toxic mercury exposure in the environment and diet and to
establishways of protecting children, adults, and nonhuman
species frommercury toxicity. Fewdata are available on total
mercury levels in neonates and theirmothers and the effects
of prenatal exposure to mercury on neurobehavioral devel-
opment in the Chinese population. Therefore, this study
investigated the level of mercury exposure in neonates and
their mothers in Zhoushan City of Zhejiang Province and
assessed the effects of prenatal exposure to mercury on
neurobehavioral development in neonates.Materials and Methods
Subjects and procedures
The Zhoushan region is located in eastern China in the northeastern
region of the province of Zhejiang. The study was carried out in the
obstetrical wards of Zhoushan Women’s & Children’s Health Hospital, a
major maternal and child health hospital in Zhoushan city. From July
2005 to October 2006, every month approximately 30 pregnant women
were recruited at their ﬁrst or second prenatal medical examination, and
the total study cohort consisted of 440 women. Neurobehavioral
development of the neonates was assessed at 3 days of age using the
Neonatal Behavioral Neurological Assessment (NBNA). Mothers and
neonates with disorders highly associated with adverse neuro-
development such as traumatic brain injury, meningitis, epilepsy, and
severe neonatal illnesses were excluded from the study after delivery.
Sixteen infants were excluded because of preexisting or acquired med-
ical problems that may seriously affect development. Six mothers were
excluded because of incomplete questionnaires. In total, 418 mother-
neonate pairs were included in the study after written consent was
obtained, and they completed questionnaires. The study protocol wasapproved by the Medical Ethics Committee of Zhoushan Women’s and
Children’s Health Hospital.
Questionnaire
A detailed questionnaire was administered to collect information on
ﬁsh consumption and the general nutritional status of the mothers
during the third trimesters of pregnancy. All mothers were asked to
estimate the quantity and type of ﬁsh consumption in a week. In addi-
tion, the questionnaire included questions regarding potential con-
founding factors such as demographic data, maternal education,
abortion history, use of skin whitening cosmetics, dental amalgam
treatment, occupational exposures, monthly household income per
capita and/or month, and some paternal-related information. All ques-
tionnaires were administered by trained interviewers.
Measurement of mercury exposure
Prenatal mercury exposure was assessed by measuring mercury
concentrations in maternal blood, hair, urine, and neonate cord blood.
Maternal hair samples were collected about 1-3 days after delivery. The
samples in the proximal 3 cm length to the scalp and weighing 0.5-0.75 g
were collected for mercury concentration. All samples were handled in a
class 100 clean hood. Approximately 0.3 g of hair weighed in a quartz
boat. We precleaned plastic and glassware by soaking them in 10% HNO3
for 24 hours and then rinsing them several times with deionized water.
Hair samples were sonicated for 15 minutes in approximately 10 mL of
1% Triton X-100 solution in precleaned 50-mL Pyrex beakers. After
sonication, samples were rinsed several times with distilled deionized
water and dried at 60C for 24 hours. Urine specimens from the ﬁrst
morning voided urine samples (approximately 50 mL) were collected
over a period of 24 hours in polypropylene vessels in the third trimester
of pregnancy. A 10-mL aliquot of urine was removed and acidiﬁed with
HCl immediately after collection. Samples were stored at 20C until
analysis. Maternal blood specimens (approximately 3 mL) were collected
in Eppendorf tubes containing 10 mL of 7% ethylenediaminetetraacetic
acid as an anticoagulant at the third trimester study visit. Both maternal
urine samples and blood specimens were collected on an empty stomach
at 8 AM. When the neonates were born, 1 mL umbilical cord blood was
collected in Eppendorf tubes using sterilized syringes and stainless steel
needles. Cord blood samples were homogenized and immediately stored
at 20C until further analysis.
The mercury assays was performed using the Direct Mercury
Analyzer 80 (Model DMA-80; Milestone Inc, Milan, Italy). This automatic
mercury analyzer requires no sample digestion or pretreatment. The
cleaned samples of hair, urine, and blood were added to a nickel boat,
which was sent into the instruments. The combustion-atomic absorption
spectroscopy procedures were as described elsewhere.13 To ensure the
accuracy of the analytical methods and results, quality control steps
included daily calibration with veriﬁcation of a high- and a low-
concentration standard for each working range, a procedural blank,
and certiﬁed reference materials as the standard. Mercury recovery was
90-110%, with >95% precision.
Developmental parameters
The Chinese version14 of the NBNA was used to estimate neuro-
behavioral development of the neonates at 3 days of age. The NBNA
contains ﬁve sections: behavior (six indexes), passive muscle tone (four
indexes), active muscle tone (four indexes), primary reﬂexes (three in-
dexes), and general assessment (three indexes). Each index had three
grades (0, 1, or 2 scores), giving a total maximum score of 40.15 Neonates
with a total score of 40 were considered well developed. Scores <40
were considered abnormal. Trained examiners were blinded with regard
to exposure status when the NBNA was implemented.
Data analysis
Descriptive statistics were calculated for each variable, including
maternal, paternal, and neonate characteristics. Spearman correlations
were used to assess correlations amongmaternal hair, urinary, and blood
mercury and cord blood mercury. Comparisons of the cord blood
TABLE 1.
Characteristics of the Neonates and Their Parents (n ¼ 418)
Characteristics Values, n (%)
Neonatal Characteristics
Gender
Male 198 (47.37)
Female 220 (52.63)
Gestation length (wk) median (QR) 39.00 (1.00)
Birth weight (g) (mean  SD) 3479.43  401.47
Birth length (cm) (mean  SD) 50.12  0.62
Head circumference (cm) (mean  SD) 34.10  0.79
Apgar score at 5 min
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sumption were performed using analysis of variance. Predictors of total
NBNA and subsection scores were assessed with stepwise multiple liner
or logistic regression models, respectively. Meanwhile, statistical sig-
niﬁcance of NBNA scores and total mercury levels were analyzed by
multiple regression models with adjustment for potential confounding
factors, including monthly household income, neonatal sex, head
circumference, birth weight, and length. P value of0.05 was considered
to demonstrate statistical signiﬁcance. The study chose “full score” and
“not full score” as cutoff points in the logistic regression models to
determine the relationship between mercury exposure and neuro-
behavioral factors. Data analyses using standard software package Sta-
tistical Analysis System version 9.2 (SAS Institute Inc, Cary, NC).<10 11 (2.63)
10 407 (97.37)
Maternal characteristics
Age (mean  SD) 27.13  3.19
Education level
College 167 (39.95)
High school 148 (35.41)
Junior high school 103 (24.64)
Occupational mercury exposure 9 (2.15)
Fish consumption types
Oceanic ﬁsh 398 (95.22)
Freshwater ﬁsh 20 (4.78)
Fish intake (times/week)
1-2 75 (17.94)
3-4 224 (53.59)
5 119 (28.47)
History of allergy 52 (12.44)
History of abortion 216 (51.67)
Pregnancy-induced hypertension 25 (5.98)
Gestation anemia 99 (23.68)
Caught a cold in ﬁrst trimester 107 (25.60)
Iron supplementation in pregnancy 278 (66.51)
Vitamin supplementation in pregnancy 280 (66.99)
Calcium supplementation in pregnancy 410 (98.09)Results
Population and ﬁsh-eating characteristics
In this study, 418 neonates (198 males and 220 females)
and their mothers were included. Characteristics of the
neonates and their parents are described in Table 1. Almost
all neonates (97.61%) were term infants. Most newborns
(97.4%) got 10 scores in the Apgar test at 5 minutes after
birth. Average age of the mothers was 27.13  3.19 years. All
women ate ﬁsh at least once a week throughout pregnancy,
and most ﬁsh consumed was oceanic (95.22%). None of
mothers consumed alcohol or smoked during pregnancy.
About 2.15% mothers and 3.11% fathers have history of
occupational mercury exposure, and 58.37% and 55.02%
fathers were smokers and drinkers, respectively. About
4.07% fathers had a family history of hereditary disease.
Monthly household income per capita was>2000 renminbi
in most participants (56.22%).Skin whitening cosmetic consumption 58 (13.88)
Premature rupture of membranes 32 (7.66)
Paternal characteristics
Education level
College 187 (44.74)
High school 143 (34.21)
Junior high school 88 (21.05)
Smoking 244 (58.37)
Alcohol consumption 230 (55.02)
Occupational mercury exposure 13 (3.11)
Monthly household income per capita and/or month (RMB)
>2000 235 (56.22)
1000-2000 146 (34.93)
<1000 37 (8.85)
Family history of hereditary disease 17 (4.07)
Data are expressed as mean  SD, median (quartile range), or n (%).
RMB, the renminbi, is the ofﬁcial currency of the People’s Republic of China.Mercury exposure
Table 2 presents total mercury levels in maternal urine,
hair, and blood and cord blood. Cord blood mercury was
signiﬁcantly higher than maternal blood mercury
(t¼14.60; P< 0.0001). Signiﬁcant correlationswere found
among the four biomakers of mercury exposure (Table 3).
There was a strong correlation between maternal blood
mercury and cord blood mercury (r ¼ 0.7431; P < 0.0001).
Other biomakers had relatively small correlation co-
efﬁcients, and there was a statistically signiﬁcant difference
(all P < 0.05).
Frequency of maternal ﬁsh intake during pregnancy was
correlated with total mercury in maternal urinary
(r ¼ 0.3452; P < 0.0001), maternal hair (r ¼ 0.1146;
P ¼ 0.0191), maternal blood (r ¼ 0.4960; P < 0.0001), and
umbilical cordblood (r¼0.6501; P<0.0001) (Table 4). Trend
analysis revealed thatmotherswho consumedmoreﬁshhad
higher blood and cord blood mercury levels (Fig 1). Signiﬁ-
cant differences were found between male (F ¼ 84.18;
P < 0.0001) and female (F ¼ 62.74; P < 0.0001) cord blood
mercury levels among groups with different ﬁsh consump-
tion frequencies (Fig 2).
Of the 418 neonates, 106 (25.36%) had a maximum NBNA
score of 40 at 3 days of age. The maximum score rates of
primary reﬂexes and general assessment were 94.98% and
96.89%, respectively. Maximum score rates for passive
muscle tone and active muscle tone were 74.64% and
65.55%, respectively. Only 49.04% of infants had amaximumbehavior score. Median total NBNA scores were 38 for both
male and female infants.
Linear regression analysis revealed that total NBNA
scores were signiﬁcantly related to cord blood mercury
level (b ¼ 0.03; SE ¼ 0.01) after adjustment (Table 5). Cord
blood mercury level was signiﬁcantly associated with pas-
sive muscle tone (odds ratio ¼ 1.07; 95% conﬁdence
interval ¼ 1.12-1.13; P ¼ 0.0071) and active muscle tone
(odds ratio ¼ 1.06; 95% conﬁdence interval ¼ 1.01-1.11;
P ¼ 0.0170) scores after adjustment, respectively (Table 5).
Premature rupture of membranes, family history of hered-
itary disease, and maternal mercury exposure occupation-
ally did also affect NBNA scores (all P < 0.05). Low-NBNA
TABLE 4.
Relationship Between Mercury Contents and Fish Consumption Frequency
Sample Source r Correlation
P Value
Trend Analysis
P Value
Cord blood 0.6501 <0.0001 <0.0001
Maternal blood 0.4960 <0.0001 <0.0001
Urine 0.3452 <0.0001 0.3580
Hair 0.1146 0.0191 0.8003
Correlation and trend analyses were performed using Spearman and Jonckheere-
Terpstra test, respectively.
TABLE 2.
Mercury Content of Maternal Urine, Hair, and Blood and Umbilical Cord Blood
Value Hair
(mg/g)
Urine
(mg/L)
Maternal
blood (mg/L)
Cord
blood
(mg/L)
Mean 1.20 2.75 5.68 7.92
SD 0.68 3.24 4.04 4.69
Percentiles
25 0.74 0.90 2.76 4.71
50 1.08 1.76 5.00 7.62
75 1.55 3.25 8.19 11.15
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(seafood consumption) should be further validated in the
long-term prospective study.Discussion
Mercury concentration in hair has been found to be an
accurate16 and the most frequently useful indicator of in-
dividual mercury exposure in children and adults, and over
a million hair samples were examined in a study in the
United States.17 And it also has advantages on convenient
sample acquisition and storage for monitoring and ﬁeld
studies.18 In this study, the mean total mercury level in
maternal hair was 1.20 mg/g, which was higher than those
measured in most other Chinese regions, including Beijing
(n ¼ 684; mean ¼ 0.14 mg/g), Changchun (n ¼ 920;
mean ¼ 0.18 mg/g), Shanghai (n ¼ 938; mean ¼ 1.15 mg/g),
and Hangzhou (n¼ 500; mean¼ 1.16 mg/g),19 but was lower
than those in the population of Hong Kong (n ¼ 137;
mean ¼ 2.2 mg/g and n ¼ 1057; median ¼ 1.7 mg/g).20 Of the
mothers included in our study, 55.02% had higher hair
mercury level than the safe hair mercury criterion set by the
Environmental Protection Agency (EPA, <1 mg/g).21
For newborns, cord blood analysis is a reliablemethod for
evaluating the level of mercury exposure.22 In the present
study, the mean cord blood mercury level was 7.92 mg/L,
which is much lower than those found in other ﬁsh-eating
populations such as Faroe Islands (mean ¼ 22.9 mg/L) and
Tokushima (mean ¼ 24.8 mg/L).23 The American National
Research Council performed a benchmark dose (BMD)
analysis on a number of endpoints in three longitudinal
prospective studies in Seychelles Islands, Faroe Islands, and
New Zealand. They recommended a BMD lower conﬁdence
limit (95% CI of the benchmark dose) of 58 mg/L mercury in
cord blood.24 Based on the analysis by the National ResearchTABLE 3.
Correlations Among Mercury Contents of Maternal Urine, Hair, and Blood and
Umbilical Cord Blood
Correlation Urine Hair Cord blood
Maternal blood
r 0.5329 0.1778 0.7431
P <0.0001 0.0003 <0.0001
Urine
r 1.0000 0.1502 0.5011
P d 0.0021 <0.0001
Hair
r d 1.0000 0.2316
P d d <0.0001
Correlation of each biomarker was analyzed using Spearman rank test.Council, the EPA set a reference dose of 5.8 mg/L (BMD lower
conﬁdence limit and/or uncertainty factor ¼ 5.8 mg/L) for
mercury in cord blood.25 In this study, cord blood mercury
concentrations were higher than the reference dose in 271
subjects, accounting for 56.34% of the study population.
Furthermore, many epidemiological studies have suggested
that fetal mercury exposure at doses as low as 5.8 mg/L
may have long-term consequences for neurobehavioral
development.8,26
Maternal blood mercury concentration was also an
important biomarker for fetal mercury exposure. The
maternal biomarker was initially used to reﬂect mercury
exposure to the mother herself. A strong correlation was
found between maternal blood and cord blood mercury
levels. However, there was certain variability between the
maternal and fetal mercury levels. This study revealed that
individual cord and/or maternal blood mercury ratios var-
ied between 0.85 and 22.36 in the 418 mother-neonates
pairs and revealed individual differences in mercury con-
centrations between maternal and fetal circulations during
late gestation. Stern and Smith27 also summarized the
variability in the cord and/or maternal blood mercury level
ratio. Thus, maternal biomarkers for estimating mercury
exposure to the neonate warrant further investigation.
The women in this study were accustomed to consuming
seafood including ﬁsh and shellﬁsh. They preferred oceanic
ﬁsh to freshwater ﬁsh. Regression analysis revealed that
higher frequencies of ﬁsh intake were associated with
higher total mercury levels in maternal urine or cord blood.
This result was consistent with other studies.21,28 Therefore,
the frequency of ﬁsh consumption during pregnancy is a
good and convenient predictor of mercury concentrations.FIGURE 1.
Relationship between mercury contents and ﬁsh consumption frequency.
FIGURE 2.
The cord blood mercury levels at different frequencies of ﬁsh intake be-
tween male and female neonates. Difference between each group was
analyzed using one-way analysis of variance. Female: F value ¼ 62.74,
P < 0.0001; Male: F value ¼ 84.18, P < 0.0001.
TABLE 5.
The Relationship Between Cord Blood Mercury and Neonatal Outcome as Reﬂected
by the NBNA
Variable b (standard
error)
P Value OR (95% CI)
Total NBNA scoresy
Cord blood
mercury (mg/L)
0.03 (0.01) 0.0409* d
Caught a cold in
ﬁrst trimester
0.23 (0.14) 0.0928 d
Maternal mercury
exposure
occupationally
0.38 (0.23) 0.1024 d
Behavior score
Premature
rupture of
membranes
0.87 (0.41) 0.0318* 2.39 (1.08-5.28)
Family history of
hereditary disease
1.25 (0.57) 0.0293* 0.29 (0.09-0.88)
Cord blood
mercury (mg/L)
0.03 (0.02) 0.1288 1.57 (0.84-2.92)
Pregnancy-
induced
hypertension
0.45 (0.32) 0.1576 1.91 (0.81-4.51)
Passive muscle tone score
Cord blood
mercury (mg/L)
0.07 (0.03) 0.0071* 1.07 (1.12-1.13)
Skin whitening
cosmetic
consumption
0.52 (0.38) 0.1732 0.59 (0.28-1.26)
Active muscle tone score
Cord blood
mercury (mg/L)
0.06 (0.02) 0.0170* 1.06 (1.01-1.11)
Maternal mercury exposure occupationally
No Reference d d
Metal smelter 1.81 (0.94) 0.0529 7.07 (1.18-42.46)
Dental medical
workers
0.17 (1.34) 0.8968 0.83 (0.06-11.68)
Premature
rupture of
membranes
0.60 (0.39) 0.1180 1.83 (0.86-3.89)
Mother history
of allergy
0.63 (0.31) 0.0452* 1.09 (0.99-1.20)
Primary reﬂexes score
Cord blood
mercury (mg/L)
0.09 (0.05) 0.0662 1.11 (1.02-1.21)
General assessment
Cord blood
mercury (mg/L)
0.08 (0.06) 0.1833 1.09 (0.96-1.23)
Abbreviations:
CI ¼ Conﬁdence interval
NBNA ¼ Neonatal Behavioral Neurological Assessment
OR ¼ Odds ratio
Final models were adjusted with monthly household income, parents’ age, parents’
education level, paternal smoking, paternal alcohol consumption, neonatal sex,
head circumference, birth weight and length, and gestation length.
* P  0.05 was considered to demonstrate statistical signiﬁcance.
y Stepwise multiple liner or logistic regression analysis was used to test the as-
sociations of NBNA scores and the factors: Slstay ¼ 0.2 and Slentry ¼ 0.2.
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water is becoming more and more serious in China.29
Women who live in coastal regions have more opportu-
nity to intake a lot of seafood during pregnancy.30 Frequent
consumption of large predatory ﬁsh can pose a risk of
exposure to persistent environmental contaminants which
bioaccumulate in the aquatic food chain. Some ﬁsh and
shellﬁsh contain high levels of toxic chemicals, including
mercury, which may harm neurobehavioral development of
the fetus and neonate.31
Not all typesofﬁsh and shellﬁsh containharmful amounts
ofmercury, and theAmerican Food andDrugAdministration
and EPA have made recommendations on speciﬁc types of
seafood that should be avoided by pregnant women.32 In
China, many studies on mercury concentrations in ﬁsh have
been carried out, but a large and integrated survey on total
mercury levels in most kinds of ﬁsh is yet to be done. It is
therefore necessary to provide the Chinese people with
detailed information on the distribution of chemicals in ﬁsh
to help establish a dietary recommendation.
The NBNA was formulated based on the method of Bra-
zelton and Amiel-Tison for behavioral neurological mea-
surement in newborns, which was used to measure the
neurobehavioral development of neonates.14,15 Many
studies33,34 have demonstrated that the NBNA is a stable
and reliable method for neurological assessment. In this
study, multiple regressions revealed that cord blood mer-
cury level was associated with neurobehavioral develop-
ment in the neonates. Further analysis revealed that all ﬁve
sections of the NBNA were correlated with cord bloodmercury levels. This indicates that cord blood mercury is an
important biomarker for neurobehavioral development. No
other studies have been carried out to detect the relation-
ship between prenatal methylmercury exposure and neu-
robehavioral development in neonates in China.
Many studies have examined the neuropsychological
effects of prenatal exposure to mercury in children,7,35 but
few studies have focused on the effects in neonates.
J. Wu et al. / Pediatric Neurology 51 (2014) 93e9998Steuerwald et al.8 evaluated neurological function in 182
singleton term births in Faroe Islands and found that
increased exposure to mercury through maternal seafood
consumption was associated with signiﬁcant deﬁcits in
language, attention, and memory in school-aged children.
This was in contrast with the results from a study on the
effects of mercury exposure on child development in
Seychelles. In a large cohort study of 21 endpoints
measured up to 9 years old, only one endpoint revealed a
statistically signiﬁcant association with prenatal mercury
exposure. The study concluded no detectable adverse ef-
fects of mercury exposure, which was consistent with
earlier ﬁndings in the same children when examined at 6,
19, 29, and 66 months of age.11,12 These discrepancies may
be attributed to the differences in mercury concentrations
among ﬁsh species and variations in ﬁsh consumption.
Seafood consumed in Seychelles has a lower mercury con-
centration than those in Faroe Islands and New Zealand.
One factor unique to the Faroe Islands study is the con-
sumption of whale meat and blubber, which contain high
concentrations of polychlorinated biphenyls and other
pollutants.10,12 Some of the apparent contradictions among
the studies may be attributed to different sample sizes, the
beneﬁts of ﬁsh consumption, and differences in exposure
measurement method. Long-term follow-up studies are
needed to evaluate cumulative effects of exposure to
mercury.
In summary, maternal urinary, blood, and cord blood
mercury levels in pregnant women in Zhoushan were
correlated with the frequency of ﬁsh consumption. Total
mercury levels in maternal blood and cord blood in
Zhoushan were higher than those in most other regions of
China (excluding Taiwan) but lower than those in European
or American regions.36-39 The cord blood mercury level was
above the reference dose set by the EPA in 56% of the study
population.40 Neonatal neurodevelopment was associated
with prenatal exposure to mercury. Cord blood mercury
level was an important biomaker for the analysis of mercury
exposure.
The data about maternal weight gain were not investi-
gated in this study. However, the coverage rate of antenatal
examination among pregnant women was 100% in
Zhoushan Island. None of the mothers smoked cigarettes
nor drank alcohol. On the whole, we think this study is a
meaningful clinical research to assess the relationship be-
tween maternal mercury ingestion during pregnancy and
neurobehavioral development.
In conclusion, the Chinese government should try to
limit the content of mercury in the environment. Women
with high total mercury levels should avoid excessive sea-
food consumption during pregnancy. Long-term effects of
exposure to mercury on childhood development need to be
further explored.
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